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The dermal  Shwartzman reaction was first described in rabbits in  1928 (1), 
and  later  in  horses,  goats  (2),  and  guinea  pigs  (3).  However,  subsequent 
attempts  to  elicit  the  phenomenon  in  mice  and  other  common  laboratory 
animals have been generally unsuccessful  (2, 4-8) or difficult (9). 
As the mice used in the earlier trials were of indeterminate origin, it was decided to 
reexamine this  species  in the hope that,  with  the greater number of inbred  strains 
available  today, a  strain  might be found in which  this  response  could  be  elicited. 
The results of a survey of 14 strains of mice (including hybrids) are presented in this 
paper. In 3 of the strains, and in one FI hybrid subline, a dermal lesion of hemorrhage 
and necrosis could be induced with a single,  intradermal dose of polysaccharide. This 
local hemorrhagic reaction resembled, in the gross and microscopically, the Shwartz- 
man reaction in rabbits, but differed in that it could be obtained whether or not the 
intradermal injection was followed in 24 hours by a  second, intravenous injection of 
the material.  On occasion a  Shwartzman-like lesion  has been noted in rabbits  also, 
after  single  intradermal  injection,  and  with greater  frequency after  2  intradermal 
doses  (10).  Generally,  the  hemorrhagic reaction  in  the  susceptible  strains  of mice 
was only faintly and irregularly evident in 24 hours, and reached maximum intensity 
about 48 hours  after  injection  of a  large  intradermal  dose.  Administration  of  the 
intravenous dose did not hasten the appearance of the skin lesion. 
As described by Shwartzman (8), the phenomenon of local skin reactivity is pro- 
voked by intravenous injection of certain bacterial filtrates or bacterial polysaccharides 
into rabbits prepared by intradermal  injection of the same material  18 to 24 hours 
previously. A positive reaction is manifested in the gross as a  purplish-black lesion 
of confluent hemorrhage and necrosis at the prepared skin site, and develops within 
about 4 to 6 hours after intravenous injection. Although the reaction obtained in the 
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3 susceptible strains of mice resembles in the gross and microscopically (1, 5, 11, 12, 
13)  the typical picture as described in rabbits, it is felt that the phenomenon as seen 
in these strains of mice is best described as "Shwartzman-like," rather  than as  the 
classical Shwartzman reaction. This terminology is used, not because of any irreconcil- 
able differences between the apperance of the lesion in mice and in rabbits, but rather 
because the phenomenon, as originally described, specifies precisely the time intervals 
between the 2 injections and the development of the reaction, and because, in those 
strains of mice which proved reactive, a  comparable lesion could be produced con- 
sistently by a single, high, intradermal dose alone. 
This  report  describes  the  gross  and  microscopic  appearance  of  the  local 
hemorrhagic response elicited in 3 strains of inbred mice and one hybrid subline 
to bacterial polysaccharide. It includes, also, the effects of differences in dosage 
levels and time schedules, and the action of anticoagulant drugs and adrenergic 
blocking agents on the reaction. 
Materials  and Methods 
A purified polysaccharide material prepared from Serratia marcescens (Lot P-35) by Perrault 
and Shear (14) was used to provoke the reaction in the survey of inbred strains of mice. A 
minimum  of 20 mice of each strain was tested, except for a few strains of which tlle supply was 
limited. The groups contained approximately equal numbers of both sexes between the ages 
of 2 and 3 months. One-half rag. of Lot P-35 in 0.1 ml. pyrogen-free saline was administered 
intradermally  in the abdominal region as a preparatory dose. Each mouse received, also, 0.1 ml. 
of pyrogen-free  saline intradermally in the abdominal area as a control site.  24  hours  later 
50 to 70 per cent of the animals of each strain received 0.3 rag. of the polysaccharide in 0.25 
ml. saline intravenously as a provocative dose. 
Twenty-four hours after the intravenous injection (or 48 hours after intradermal injection), 
the mice were  inspected for  gross  evidence of hemorrhage and necrosis  at the site of the 
preparatory dose, both from the external and from the inner layer of dermis. Sections of skin 
from the  injection sites  (polysaccharide  and control saline areas)  were  removed, fixed  in 
formalin, and prepared for microscopic examination. Generally, evidence of  hemorrhage was 
apparent on inspection of the exterior skin; occasionally,  however,  evidence of a  positive re- 
action was not obtained until the inner dermis was inspected. The positive reactions recorded 
in this paper are based on gross inspection data, but all data were  verified  by microscopic 
examination of fixed tissue. When an intradermal injection only was given, the results were 
evaluated at 48 hours. 
Although the polysaccharide from S. marcescens (Lot P-35) was used in most of the experi- 
ments, a  few other bacterial polysaccharide materials capable of eliciting the Shwartzman 
reaction in rabbits were tested in the reactive strains of inbred mice. They were: polysac- 
charide preparation from Salmonella  typhosa  (No.  1043-A2),  obtained from J.  W. Palmer, 
E. R. Squibb and Sons, New Brunswick, New Jersey; polysaccharide preparation from He- 
mophilus pertussis,  provided by Perrault and Shear of this Laboratory; and polysaccharide 
preparation from Pseudomonas  aeruginosa, provided by E. J. Oswald, R. J. Reedy, Food and 
Drug Administration, United States Department of Health, Education, and Welfare,  Wash- 
ington, D. C. Details of dosage with these preparations are given in Results; in general, how- 
ever, the doses used were, approximately, the maximum level compatible with survival. 
An  anticoagulant  drug,  coumadin  (3-(¢z-acetonylbenzyl)-4-hydroxycoumarin)  1  and  an 
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adrenergic  blocking  agent,  SY-28  (N-ethyl-N(2-bromoethyl)-l-napthylene-methylamine 
HBr),  2 both previously demonstrated (15-18) to inhibit the dermal Shwartzman  reaction in 
rabbits, were tested for their action on the Shwartzman-like reaction in mice. Details of dosage 
and administration of these drugs, also, are given in Results. 
RESULTS 
Strain  Differences.--The  inbred  strains  of mice  were  tested  for  ability to 
respond with local hemorrhage and necrosis at the site of intradermal injection 
of a polysaccharide preparation from S. marcescens, Lot P-35. The results have 
been  summarized  in  Table  I.  The  dose level of polysaccharide used in these 
experiments was well tolerated by all mice except the Rockefeller strain. In 10 
of  the  strains  tested,  no  hemorrhagic  reactions and  no  gross or microscopic 
evidence of damage were obtained, other than  mild inflammatory changes in 
the dermis. An occasional animal among the  10 negative strains developed a 
small area  of blanching at  the site of intradermal injection, and  a  few  mice 
showed a  mild erythematous reaction. In 3  inbred strains and one  Ft hybrid, 
however, an area of reddish-purple coloration, measuring 2  to 5  mm.  in diam- 
eter,  developed at  the  site  of intradermal injection. The gross appearance  of 
such a  reaction is illustrated in Figs. 1 to 4. This type of reaction was observed 
in 40 to 55 per cent of the BAlb/cAnN  and Rockefeller strains, and in 75  to 
91 per cent of the C57 B1/6JN and (C57 B1/6JN  X  C3H/HEN)F1 mice. The 
area  of  hemorrhage  and  necrosis  could  sometimes  be  detected  in  24  hours 
following the intradermal injection, but generally it was more pronounced at 
48 hours.  In these strains, the incidence but not the intensity of the positive 
reactions was moderately increased by the intravenous injection. Control sites 
injected with saline gave no hemorrhagic reaction in any strain of mice tested 
in this survey. 
Microscopic Examination.- 
Saline-injected control sites showed little evidence of any reaction (Fig. 5). In a few sectionsB 
there was a slight amount of leukocytic infiltration and edema, and some distention of small 
blood vessels. 
The hemorrhagic  lesions which developed in C57B1/6J'N', (C57B1/6JN X  C3H/HEN)F1, 
BAlb/cAnN, and Rockefeller mice were examined 48 hours after intradermal administration 
of 0.5 rag. of P-35. As no essential differences were noted among these strains, theyhave been 
described as a group. Representative sections are illustrated in Figs. 6 to 9. The dermis and 
underlying tissue showed moderate to massive  infiltration with neutrophilic granulocytes. 
Thrombi, composed chiefly of thrombocytes and a few granuloeytes,  were frequent,  and the 
small vessels were distended and engorged with blood. There was fairly heavy extravasatiou 
of erythrocytes, with moderate to severe hemorrhage  into the tissues in some areas, and ne- 
crosis. In most of the sections edema was marked, and the reaction involved the subcutaneous 
tissue. 
The hemorrhagic  lesions which developed in mice administered both intradermal (0.5 rag.) 
and intravenous (0.3 nag.) injections of P-35 also were examined.  The intravenous injection 
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was made 24 hours after the intradermal dose, and the sections were taken 24 hours later. 
This group showed a  similar but somewhat less severe reaction than was seen 48 hours after 
the intradermal injection only (Figs. 10 and 11). The granulocytic infiltration was less mas- 
sive, and the deeper areas of the skin were less involved. Thrombi were still numerous, how- 
ever, and were perhaps of larger average size.  The amount of hemorrhage and erythrocytic 
TABLE  I 
Differences  in  Response  (Dermal  Hemorrhage)  of  Inbred  Strains  of  Mice  to 
Bacterial Polysaccharide* 
Strain 
General Purpose ............................. 
NIH ...................................... 
A/LN ..................................... 
A/HEN  ................................... 
(A/LN  X  A)FI  ............................. 
DBA/2JN  ................................. 
CFW ..................................... 
C3H/HEN ................................ 
CAF1 ..................................... 
(C3H X  B)/HEN .......................... 
BAlb/cAnN ("C" strain) .................... 
Rockefeller (pen-bred)I] ..................... 
C57B1/6JN ............................... 
(C57B1/6JN X  C3H/HEN)F~ ............... 
Saline control sites (all strains) ............... 
I.d.  injection only~  I.d.  q- i.v.  injections§ 
No  "  Hemor-  ]  Hemor- 
mi'c  m  rhsgic  ]No.  of mice  rhagic 
•  --~  reactions  I  reactions 
per cent  [  per cent 
6  0  14  0 
6  0  14  0 
6  0  14  0 
6  0  14  0 
3  0  4  0 
6  0  14  0 
6  0  12  0 
5  0  13  0 
6  0  13  0 
3  0  5  0 
21  38  29  45 
20  20  14  57¶ 
212  50  72  75** 
11  91  11  91 
117  0  192  0 
* From S. marcescens, Lot P-35. 
0.5 mg. polysaccharide per mouse. Reaction evaluated 48 hours after injection. 
§ 0.5 rag. intradermally, followed by 0.3 rag. intravenously 24 hours later. Reaction evalu- 
uated 24 hours after intravenous injection (equivalent to 48 hours after intradermal injec- 
tion). 
[I Approximately 50 per cent of this strain died within 24 hours after intravenous injection. 
The Rockefeller strain used in these experiments was obtained in  1950  from Dr.  Clara J. 
Lynch of The Rockefeller Institute, and has been pen-bred at the National Institutes of 
Health since that time. The derivation of this strain has been described by Barrett  (19). 
¶  When tested by chi square, P  <  0.10.  Comparison made with response after intradermal 
injection only. 
** When tested by chi square, P  <  0.01. Comparison made with response after intradermal 
injection only. 
extravasation also was less than was seen after intradermal injection only.  An occasional 
animal of the Rockefeller strain, which tolerated less of the polysaccharide than  the  other 
strains, developed, in addition, micro abscesses of the epithelial layer. 
Sections from the 10 strains of mice which did not develop hemorrhagic skin lesions follow- 
ing injection of P-35 (both intradermal only and intradermal followed by intravenous) showed 
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cases, the amount of leukocytic infiltration varied from slight to moderate;  blood vessels did 
not appear distended or engorged; no thrombi were seen; and no extravasafion of red  blood 
ceils was noted. 
Hemorrhagic Reaction of Prepared Skin Provoked by Intravenous Injection of 
Polysaccharide.--In studying inbred strains of mice for possible differences  in 
skin response to polysaccharide, maximum, non-lethal  (except for Rockefeller 
strain)  dose levels  were used. At the intradermal  dose selected,  the per cent 
hemorrhagic skin lesions which developed in the reactive strains within 48 hours 
after intradermal  injection alone, was increased  only moderately by the in- 
travenous injection of polysaccharide. Considering  the high dose given intra- 
TABLE  II 
Effect  of  Intravenous  Injection  of  Bacterial  Polysaccharide  on  the  Incidence  of Hemorrhagic 
Response  Elicited  at  Different  Intradermal  Dose  Levels 
Strain  I.d. dose 
reg.~mouse 
C57B1/6J'N .......................  1.0 
"  ............................  0.5 
"  ............................  0.25 
"  ............................  0.125 
"  ............................  0.062 
Rockefeller (pen-bred) ..............  0.5 
"  "  "  ..............  0.3 
Hemorrhagic skin reactions 
Id. only*  I.d. -b i.v.~ 
No.  of mice  Reactions 
per ten# 
212  50 
45  27 
85  7 
45  0 
20  20 
8  0 
No. of mice  Reactions 
per ceng 
20  75 
72  75 
45  58 
74  21 
35  3 
14  57 
7  71 
* Observations made 48 hours after intradermal injection of P-35. 
Observations  made  24  hours  after  intravenous  injection of  P-35.  C57B1/6JN  given 
0.3 mg. P-35 intravenously. Rockefeller given 0.25 mg. P-35 intravenously. 
dermally, it seemed possible that  sufficient  active polysaccharide might have 
been adsorbed from the skin site to provoke the reaction without the necessity 
of giving a  second,  or intravenous,  injection. That fairly efficient  absorption 
may occur from the dermis is indicated in other studies in which the minimum 
tumor-necrotizing (sarcoma 37, intramuscular implant, C57B 1/6JN mice) dose 
of P-35 by intradermal route was found to be about twice that by intraperitoneal 
route. 
In the next series of experiments, therefore, graded intradermal  doses were 
given to establish the level which would cause minimal but measurable response. 
At this level, the intradermal injection was followed in 24 hours by intravenous 
administration of 0.3 mg. P-35 in an attempt to increase the per cent positive 
skin reactions over that elicited by intradermal  injection alone.  The data for 
C57 B1/6J'N and Rockefeller mice are given in Table II. In the C57 B1/6JN 
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was more at the 0.25 and 0.125 rag. intradermal dose levels than it was at the 
0.5 mg. dose, the over-all per cent response was greater at the higher (0.5 mg.) 
dose. In the Rockefeller strain, no positive reactions were obtained with 0.3 rag. 
intradermally, but when this injection was followed in 24 hours by an intra- 
venous injection of 0.25 mg. of P-35, 5 of 7 mice developed hemorrhagic skin 
lesions. 
Microscopic examination was made of sections of skin of C57 B1/6JN mice 
given  the  lower  intradermal  doses.  The  reaction  induced  by  intradermal 
injection of 0.25 rag. of P-35 alone was considerably less than that observed 
after injection of 0.5 mg. The leukocytic infiltration was less marked; thrombi, 
although still prominent, were less numerous; and there were less frequent areas 
of hemorrhage,  although  some  extravasation  of erythrocytes was  still  seen. 
TABLE III 
Effect oJ Time Interval  between Intradermal  and Intravenous  Injections  of Bacterial 
Polysaccharide on  the Local Hemorrhagic Response 
Interval  between i.d.  and i.v.  doses* [  No. of  rnice~:  Mice with skin  hemorrhage 
Controls (i.d. only) 
6 hrs. 
24 hrs. 
48 hrs. 
85 
40 
74 
30 
#er cent 
7 
10 
21 
30 
* Intradermal  dose, 0.125 rag. P-35; intravenous dose, 0.3 mg. P-35. 
:~ Strain C57B1/6JN. 
When an intravenous injection of 0.5 mg. P-35  was given 24 hours after the 
intradermal dose, the picture was essentially unchanged from that seen after 
the intradermal injection alone. At lower intradermal dose levels, microscopic 
evidence of damage was slight or absent. 
Time  Relationship  between  Intradermal  and  Intravenous  Doses.--In  the 
experiments just described, the intravenous injection was made 24 hours after 
the intradermal injection because this time had been used as routine to elicit 
the Shwartzman reaction in rabbits. It was of some importance, therefore, to 
investigate the possible effect of other time relationships on the development of 
the  hemorrhagic skin  reaction in mice.  Accordingly,  C57B1/6~N  mice were 
given the intravenous injection in 6, 24, or 48 hours following the intradermal 
injection. The results obtained at dose levels of 0.125 mg. P-35 intradermally 
and 0.3 rag. P-35 intravenously are summarized in Table III. At the dose level 
used, intradermal injections alone gave 7 per cent positive skin reactions. When 
the time between injections was the usual 24 hour period, the per cent positive 
reactions increased to 21 per cent after intravenous injection. When the interval 
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better (30 per cent reactions) than was obtained at the 24 hour interval. Short- 
ening the time between doses to 6 hours, however, produced no greater response 
following  intravenous  injection  than  was  obtained  with  the  intradermal 
injection alone. 
Polysaccharides from Other Sources.--In addition to S.  marcescens polysac- 
charide, Lot P-35, a  few other preparations known to be Shwartzman active 
in rabbits were  tested in mice. These materials were injected intradermally 
into  C57B1/6J-N  mice in  dosage indicated in  Table  IV.  Preparations  from 
S. typhosa and Ps. aeruginosa gave about the same proportion of skin reactions 
as had been obtained with P-35, although the dose levels used were considerably 
higher. The material from//, pertussis appeared to be less active, and only one 
positive reaction developed in 10 mice tested. 
TABLE  IV 
Incidence  of Hemorrhagic Reactions in C57B1/6JN Mice at Site of Intradermal  Injection of 
Shwartzman  A ctive Pob ,saccharides from Different Microorganisms 
Source  No. of mice  I.d. dose  Hemorrhagic 
reactions 
S. marcescens (Lot P-35) 
S. typhosa 
Ps. aeruginosa 
11. pertussis 
136 
5 
3 
10 
10 
rag./mouse 
0.5 
1.0 
2.0 
2.0 
1.0 
~er Ce~ 
76 
80 
I00 
70 
10 
Local Irritants.--The possibility that any local irritant which decreased pH 
might precipitate a hemorrhagic lesion in a reactive strain of mice was consid- 
ered. In order to test the effect of local changes in pH in mice, HC1 and lactic 
acid  were  administered intradermally to  C57B1/6JN  mice.  Dilutions  were 
made  with  physiological saline.  Although no  lesion  resembling  the  hemor- 
rhagic reaction was obtained, both HC1 and lactic acid caused local damage 
within 6 to 12 hours (Table V). The reaction was well defined and circumscribed; 
the skin was crusted and brown, and gave the impression of erosion and slough- 
ing, with scabbing.  At the lower pH  levels,  the mice were sick,  their coats 
were unkempt, and they did not appear to eat. Microscopic examination was 
made of skin sections obtained 48 hours after intradermal injection of HC1 in 
saline, pH 3.5. There was some mononuclear leukocytic infiltration, and edema. 
No thrombi were seen,  and the small vessels did not appear  distended. Es- 
sentially the same picture was seen in a few scattered experiments in which these 
acids were given to mice from the 10 strains which did develop hemorrhagic 
reactions. The lesion obtained by high local concentrations of these acids did not 
resemble the dermal Shwartzman reaction, developed more quickly, and was 
not  changed  in  character  by  intravenous administration  of  bacterial  poly- 650  LOCAL HEMORRHAGIC  RESPONSE IN MICE 
saccharide.  Local decrease in  pH  of dermis  as  caused  by injected lactic or 
hydrochloric acids, therefore, does not appear to be the only metabolic change 
necessary to "prepare" the skin. 
In another experiment, P-35 in saline (pH 3.3) was inactivated by heating in a 
boiling water bath for I hour, and then injected intradermally into C57B1/6JN 
mice. No hemorrhagic reactions were obtained at the 0.5 or 1.0 mg. intradermal 
dose levels, either alone or when followed by an intravenous injection of 0.3 
mg. unheated P-35. In many of the animals which received the heated material, 
a small, hard, indurated, blanched area developed within 6 to 24 hours at the 
site of injection. This blanched area was similar to that noted after some con- 
centrations of lactic acid  (see Table V)  and also,  occasionally, in mice which 
TABLE V 
Skin Reactions of C57B1/6JN Mice within 48 Hours after Intradermal Injection of Lactic or 
Hydrochloric Acids* 
Lactic acid  Hydrochloric acid 
pH 
Hemorrhage:~  Other damage  Hemorrhage  Other damage 
0.3 
1.0 
1.7 
2.1 
2.4 
2.8 
3.0 
0/5 
0/5 
O/5 
O/5 
0/5 
0/10 
Crusted brown scab 
,,  ,g  ,c 
Blanched area 
No effect 
,g  g¢ 
0/5 
0/5 
o/s 
0/5 
0/10 
Non-specific damage§ 
Crusted brown scab 
No effect 
~t  ~, 
No effect 
* Dilutions made with physiological saline. 
No. of mice with hemorrhagic lesion. 
No. of mice injected 
§ All mice in this group died within 24 hrs. 
did not respond with hemorrhage to bacterial polysaccharide. Sections taken 
48 hours after intradermal injection of the heated polysaccharide  showed several 
features not seen when unheated P-35 was given. There was focal necrosis of 
tissue,  with heavy infiltration of neutrophilic granulocytes and formation of 
micro abscesses. The areas adjacent to the abscess did not show thrombosis or 
distention of small vessels, and there was no evidence of hemorrhage. As with 
previous groups, the gross and microscopic pictures were not changed when the 
intradermal  injection" was  followed in  24  hours  by intravenous injection of 
unheated P-35. 
Inhibition  by Drugs.--A  few studies were made  to determine the effect of 
drugs previously reported (15-18)  to block the  Shwartzman phenomenon in 
rabbits on the hemorrhagic skin reaction elicited in mice by polysaccharide. 
An anticoagulant  drug,  coumadin, and an adrenergic blocking agent,  SY-28, 
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Coumadin, 0.075 mg./gm, mouse, was given by stomach tube 1 hour before 
and 2 hours after intradermal injection of 0.5 mg. of P-35. On this dose schedule 
of anticoagulant, the prothrombin time increased in 24 hours from a  control 
level of 8 to 9 seconds to 45 to 180 seconds. Nineteen of 20 mice placed on this 
regimen gave no skin reactions, and in the remaining mouse, only a question- 
able area of skin hemorrhage could be found. The adrenergic blocking agent, 
SY-28,  was  administered  intraperitoneally,  0.005  mg./gm,  mouse,  1/~  hour 
before and 21 hours after intradermal injection of 0.5 rag. of P-35. With  this 
schedule, only 25 per cent (5 of 20 mice) developed hemorrhagic lesions at the 
site  of intradermal  injection. Blocking of the  hemorrhagic skin reaction  in 
mice by drugs  which also  block  the  development of the  local  Shwartzman 
reaction in rabbits  suggests that the mechanisms involved in the  mouse re- 
action are similar to those in the rabbit. 
DISCUSSION 
It is generally recognized that drug toxicity may vary considerably among 
animal species,  and it is also a common but less striking experience that there 
is variation in toxicity between inbred strains within a given species.  For the 
most part,  however,  differences within a  species  in response  to  drugs have 
received scant attention and are mentioned only occasionally. All too often, in 
fact, the strain of mice used is not even identified. There is, furthermore, a 
tendency to  extrapolate from an activity present  or  absent  in  a  particular 
strain of mouse, for example, to "mice" as a species, even though the selection 
of the particular strain may have been quite fortuitous or based on extraneous 
considerations such as availability, etc. Thus, Shwartzman and others (2, 4-8) 
have stated that "mice" do DOt respond to bacterial filtrates or lipopolysac- 
charides from Gram-negative bacteria  with a  dermal  Shwartzman reaction. 
More  recently,  Homma  (9)  reported  that  Shwartzman  reactions  could  be 
elicited in mice (strain not specified)  by 2 intradermal injections of polysac- 
charide spaced 24 hours apart, followed by an intravenous injection 18 to 20 
hours later. In the light of our experience, it is possible that a single intradermal 
injection might have  been  adequate  to  produce  the  hemorrhage in  a  more 
reactive strain of mice, or that the lesion might have developed without the 
intravenous injection had sufficient time been allowed. 
Recent studies have furnished a  better understanding of the changes and 
events leading to and precipitating the dermal Shwartzman reaction in rabbits. 
Furthermore,  the  importance  of  several  conditions  has  been  established 
(13, 15-18,  20-26). Many of the pharmacologic actions involved are dependent 
on systemic and local responses which mice, as well as rabbits,  can make to 
parenterally administered bacterial polysaccharide. When these materials are 
given  intraperitoneally  or  intravenously,  both  species  develop  leukopenia 
followed by leukocytosis, constriction of peripheral arterioles,  and stasis and 
thrombosis of the small vessels of the dermis and underlying tissue. In both 662  LOCAL HEMORRHAGIC  RESPONSE IN MICE 
rabbits and mice, a  mild,  erythematous, inflammatory reaction is generally 
produced by intradermal injection of these materials.  In rabbits, the prepara- 
tory dose of polysaccharide induces metabolic alterations at the site of injection; 
the lactic acid content of the skin and the rate of aerobic and anaerobic  gly- 
colysis are increased  (20, 21). Although metabolic  changes  in prepared skin 
sites have not been studied in mice, it seems unlikely that the metabolic changes 
in mouse skin would differ, at least qualitatively, from that described in rabbits. 
In  view  of  the  similarity in  pharmacologic  responses  to  polysaccharide  of 
rabbits and mice, the inability of mice to develop the Shwartzman reaction was 
reconsidered. Among the many inbred strains of mice, it seemed quite possible 
that some strain might be found that could make all the responses involved in 
the production of the dermal Shwartzman reaction in rabbits. 
The hemorrhagic lesion which developed at the site of intradermal injection 
in 3 inbred strains of mice is comparable to the dermal Shwartzman reaction in 
rabbits.  So far as can be determined, the gross and microscopic appearance 
of the lesion in these strains of mice complies with all of the accepted criteria 
for the local Shwartzman phenomenon  as described  in rabbits, and further- 
more, it can be blocked by the same drugs. 
From time to  time the  suggestion  has been  made  that the  hemorrhagic 
necrosis induced in tumor implants by intraperitoneal or intravenous injection 
of certain bacterial polysaccharides, generally Shwartzman-active  preparations, 
is analogous  to the dermal Shwartzman reaction in rabbits (2, 3, 8, 24). Ac- 
cording to this concept, the tumor has somehow become "prepared." Certainly 
some of the local conditions described in prepared  skin of rabbits are present 
also in tumor implants. The aerobic and anaerobic glycolysis of tumor tissue is 
generally high, and in many instances  tumors are edematous and more highly 
vascularized  than surrounding  tissue.  Granulocytic infiltration, on the other 
hand, is not a common feature in tumors unless they have become secondarily 
infected, and thrombi are not found with any consistency. 
SUMMARY 
A  survey of inbred strains  of mice  was  made  to  determine whether the 
phenomenon  of  dermal  hemorrhagic  necrosis,  as  described  in  rabbits  by 
Shwartzman, could be elicited in mice by bacterial polysaccharide preparations 
of demonstrated activity in rabbits. The polysaccharide preparations used were 
obtained from cultures of S.  marcescens,  S.  typhosa,  Ps.  aeruginosa,  and H. 
pertussis. 
Ten of the strains tested were unreactive. Three strains of mice and one F, 
hybrid subline  developed  a  hemorrhagic  lesion at the site of injection of a 
single, relatively high intradermal dose of polysaccharide.  Some increase  in 
incidence of hemorrhagic lesions was obtained when the intradermal dose was 
followed in 24 hours by an intravenous injection.  In the gross and microscopi- M.  G.  KELLY,  N.  H.  S~ITI~,  I.  WODINSKY~  AND  D.  P.  RALL  663 
cally, the skin lesion produced in mice resembled the Shwartzman reaction in 
rabbits. 
An adrenergic blocking agent, SY-28, and an anticoagulant drug, coumadin, 
both of which block the dermal Shwartzman reaction in rabbits, also blocked 
the hemorrhagic skin reaction in mice. 
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FIG.  1.  Exterior view of hemorrhagic skin reaction in BAlb/cAnN mice 48 hours 
after administration of 0.5 rag. P-35 intradermally. 
FIG.  2.  Inner dermis of lesions  shown in Fig. 1. 
FIG. 3.  Exterior  view  of hemorrhagic skin  reaction  in  BAlb/cAnN mice given 
0.5  rag. P-35  intradermally,  followed in 24  hours by 0.3  rag.  P-35  intravenously. 
Picture taken 24 hours after intravenous injection. 
FIO.  4.  Inner dermis of lesions shown in Fig. 3. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 105  PLATE 61 
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FIG.  5.  Saline-injected  control site.  Abdominal skin,  48  hours after  intra- 
dermal  injection  of  saline,  and  24  hours  after  0.3  mg.  P-35,  intravenously. 
No  gross  evidence  of  reaction.  Section  shows  slight  amount  of  leukocytic 
infiltration and edema.  C57B1/6JN  mouse.  Hematoxylin and eosin.  X 143. 
FIG.  6.  Hemorrhagic skin lesion  48 hours after 0.5 mg.  P-35,  intradermally. 
Section  shows:  congestion and thrombosis of small blood vessels; extravasation 
of erythrocytes and  hemorrhage;  and  swelling and  alteration of  subcutaneous 
muscle  layer.  C57B1/6JN  mouse.  Hematoxylin and  eosin.  X143. 
FIG.  7.  Hemorrhagic skin lesion 48 hours after 0.5 mg.  P-35,  intradermally. 
Section  shows:  marked edema of dermis and subcutaneous tissue,  with heavy 
granulocytic infiltration; thrombosis of small vessels, and some extravasation of 
erythrocytes.  C57B1/6JN  mouse.  Hematoxylin  and  eosin.  X105. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 105  PLATE  62 
(Kelly et al.: Local hemorrhagic response in mice) PLATE 63 
FIG. 8.  Hemorrhagic skin lesion 48 hours after 0.5 mg. P-35 intradermally. Section 
shows: marked edema of dermis  and  subcutaneous  tissue, with heavy granulocytic 
infiltration; thrombosis  of  small blood  vessels and  hemorrhage  into  subcutaneous 
tissue; and necrosis of underlying muscle. C57B 1/6JN  mouse. Hematoxylin and eosin. 
X  143. 
FIG. 9.  Higher  magnification  of  hemorrhagic  skin  lesion  from  skin  of  animal 
pictured in Fig. 8. Section shows hemorrhage into subcutaneous tissue and thrombosis 
of blood vessel on left. Hematoxylin and eosin.  X  415. THE JOURNAl  OF EXPERIMENTAL  MEDICINE  VOL.  105  PLATE  63 
(Kelly el al. : Local hemorrhagic response  in mice) PLATE 64 
FIG. I0. Hemorrhagic skin  lesion  48 hours after  0.5 mg. P-35 intradermally and 
24 hours after  0.3 rag.  P-35 intravenously. Section shows edema, thrombosis of small 
vessels,  and hemorrhage into  subcutaneous  tissue. C57BI/6JN  mouse. Hematoxylin 
and eosim X  143. 
FIG.  11.  Hemorrhagic skin lesion 48 hours after 0.5  mg. P-35 intradermally and 
24 hours after 0.3  rag.  P-35  intravenously. Section shows  areas of necrosis in sub- 
cutaneous tissue; thrombosis of small blood vessels  and edema; and extravasation of 
erythrocytes. C57B1/6JN mouse. Hematoxylin and eosin.  X  143. THE  JOURNAL  OF  EXPERIMENTAl  MEDICINE  VOL.  105  PLATE  64 
(Kelly eta/. : Local hemorrhagic response in mice) 